Ten (10) diabetic and 7 non-diabetic patients on renal replacement therapy have undergone limb amputation in the authors' unit in the 1988 to 1996 period. The article examines the course of illness and survival patterns in this distinct and increasing sub-set in the amputee population. Rehabilitation and survival were significantly better in the diabetic group and it is recommended that it would be helpful for both prognosis and analysis if the sub-set of amputees on treatment for chronic renal failure is further divided into diabetic and non-diabetic sub-sets.
Introduction
Over the past two decades the incidence of amputation related to vascular disease in the Western hemisphere has not changed, and in keeping with this the primary lower limb amputees admitted to the Dundee Limb Fitting Centre over the past 26 years have shown remarkable consistency in the incidence of peripheral vascular disease. A 1993 study of 1,846 primary lower limb amputees (Stewart and Jain, 1993) revealed that 85.7% of amputations were carried out for peripheral vascular disease (1,582 patients) and that atherosclerosis was the cause in 59.7% (1,102 patients) and 26% (480 patients) had peripheral vascular disease associated with diabetes mellitus.
Changing trends in the treatment of chronic renal failure have begun to influence the pattern of referrals for amputation and a new sub-set of patients on maintenance dialysis or transplant All correspondence to be addressed to Dr C. P. U. Stewart, TORT Centre, Ninewells Hospital, Dundee Teaching Hospitals NHS Trust, Dundee DD1 9SY, Scotland. treatment has emerged, where the proportion with diabetes mellitus exceeds those with nondiabetic limb ischaemia and/or gangrene. Increasing numbers of patients with diabetes have been accepted on to renal replacement therapy programmes (RRT), involving either maintenance haemodialysis (H), peritoneal dialysis (P) or kidney transplantation (T) since the mid-1980s and a proportion of these have progressed to requiring limb amputation, adding to the relatively low number of RRT patients without diabetes who require amputation. In this Unit's experience, the RRT sub-set of patients requiring limb amputation is now as large as those requiring amputation for neoplasm or trauma.
Diabetes (Sioson et al, 1993; Whittemore et al, 1993) and chronic renal failure (Chang et al, 1990 , Taylor et al, 1991 Dossa et al, 1994) on their own both adversely affect recovery or rehabilitation after limb amputation therefore the growing number of patients with both adverse effects warrants further study. It is therefore useful to look at the patterns in such patients, to determine if the development of limb pathology and survival can be influenced by treatment. This paper examines the course of illness and survival patterns in both diabetic and non-diabetic patients on RRT who have undergone limb amputation in the Tayside area.
Patients and methods
This study is confined to the 17 patients on RRT who have received limb amputation between 1988 and 1996. The databases of the Renal Unit and the Dundee Limb Fitting Centre have been used to extract information on age at the time of first limb amputation, cause of chronic renal failure, dates and modes of dialysis treatment on RRT, date, and level of amputation and mode of RRT at the time of first limb amputation, data and level of any subsequent limb amputations, survival data and cause of death. Cumulative survival curves were calculated at six-monthly intervals by the standard method for clinical life tables. Five (5) further patients who underwent limb amputation between 1988 and 1996, but in whom 14 months to 5 years elapsed before beginning RRT, have not been included in this study.
Results
The 17 patients surveyed consisted of 10 diabetic patients and 7 non-diabetic patients on RRT at the time of their first amputation. The time relationship of amputation to RRT is illustrated in Figure 1 and individual details for each patient are listed in Table 1 , with summary data in Table 2 . There were 3 patients in the nondiabetic group (numbers 11, 15 and 17) whose renal failure was not primarily due to a vascular cause. Patient 11 developed severe calcific aortic stenosis and patient 17 developed peripheral vascular disease while on RRT for chronic pyelonephritis and IgA nephropathy respectively. Patient 15, who developed acute tubular necrosis which became chronic, presented with rhabdomyolysis, leading to compartment syndrome necessitating immediate limb amputation.
The 10 diabetics all had trans-tibial amputation but one (number 3) required a transfemoral amputation two weeks later. In the nondiabetic group, one wrist disarticulation was due to the calcific aortic stenosis mentioned above, which reduced the collateral blood flow in the hand distal to the Cimono fistula after 18 years on dialysis. The other wrist disarticulation was due to vascular occlusion after dialysis fistula creation, leading to gangrene of fingers within one month of beginning RRT, despite removal of the fistula. Three (3) diabetic and 2 nondiabetic patients had additional contralateral lower limb amputations and a 6th patient (number 16) required trans-femoral and knee disarticulation within a month of his initial bilateral trans-tibial surgery, dying subsequently two weeks later, in one patient, dialysis treatment was withdrawn due to increasingly severe peripheral vascular disease and the patient's expressed reluctance to undergo further limb surgery. Table 3 lists the surgical procedures carried out in the 3 patients who underwent vascular reconstruction prior to amputation. Vascular surgery delayed amputation for less than two years in 2 of the patients and it saved the right limb of 1 patient for 17 months until his death.
The calculated survival curves for the diabetic and non-diabetic groups (Fig. 2) show that in the 17 patients established on RRT, survival after first limb surgery was very much better in the diabetic patients (0.78 at 18 months and 0.60 at 3 years) than in the non-diabetic patients (0.15 at 18 months), where with two exceptions, the limb surgery was a near terminal event, with 5 dying within 9 months of the first amputation and 6 dying within 14 months. In that interval 3 patients underwent further amputations. All 7 had died by the date of the survey (July 1996).
Discussion

Renal failure patients
Arguments for and against revascularisation surgery: In recent years there has been an increasing number of reports in the literature looking at outcomes of treatment in patients with end stage renal disease and severe limb ischaemia. Most of those reporting response to revascularisation or bypass surgery (Chang et al., 1990; Taylor et al., 1991; Dossa et al, 1994; Sanchez et al, 1992; Lumsden et al, 1994) have recommended bypass surgery as useful and assessed its failure by the subsequent need for amputation, but most also report subsequent amputation in a proportion of patients despite graft patency. Sanchez et al. (1992) stressed that early use of bypass surgery would improve limb salvage and reduce the need for amputation. Some (Dossa et al, 1994) go further and recommend avoidance of lower limb amputation in end stage renal disease because of its "profound negative impact on morbidity, mortality and survival rates". These recommendations (Chang et al, 1990; Taylor et al, 1991; Dossa et al, 1994; Sanchez et al, 1992; Lumsden et al, 1994) conflict with a more recent recommendation (Simser et al, 1995) where a more liberal use of limb amputation is advocated in order to avoid the mortality associated with poor recovery from revascularisation surgery.
With these opposing views, it makes sense to treat patients with end stage renal failure and limb ischaemia as a separate sub-set of patients with limb ischaemia, and to analyse further reports and outcomes in this sub-set. In 2 of the 3 patients in this study, revascularisation delayed amputation rather than preventing it, and the 3rd patient died within a similar time period of less than two years, having required amputation of the contralateral limb during this period. In recent years in the USA, the number of diabetic patients receiving dialysis treatment has been increasing by 10% each year (Wetterhall et al, 1992) and the number of surgical operations for related lower limb ischaemia is bound to increase. Influence of diabetes: 36% of primary lower limb amputees in this area are diabetic (1995 data). In the local diabetic population the prevalence of significant renal failure is less than 5%. However the option of RRT offers a prolonged lifespan to those progressing to end stage renal disease, and in the 11 years 1985-1995, 70 patients with diabetes have begun RRT in Dundee. Currently 20 of the 121 dialysed patients (17%) and 20 of the 107 transplanted patients (19%) are diabetic. The 10 patients on the diabetic RRT group subsequently requiring limb amputation should be seen in this context.
Survival rates after amputation in RRT patients
Comparison with general and diabetic rates: The cumulative survival of the diabetic RRT group after the first limb amputation (0.60 at 3 years) was similar to that for all local first amputations during the 1980s (0.59 at 3 years) and similar also to the cumulative survival after first limb amputation for all patients with diabetes, irrespective of degree of renal failure (0.58 at 3 years) (Stewart et al, 1992) . Although total numbers are small in these groups, the striking fact is the poor survival after amputation in the non-diabetic RRT patients. Certainly the presence of diabetes in itself has not been indicative of a poorer prognosis after amputation in the renal patient. Two conclusions can be made from the study, always allowing for the small number of patients. First, the additional burden of chronic renal failure did not adversely influence survival rate in the diabetic amputees. Secondly, the additional burden of diabetes did not adversely influence rate in the chronic renal failure amputees. Indeed the diabetic group had a much higher survival rate at 3 years than the non-diabetics. This experience therefore differs from recent reports (Whittemore et al, 1993; Taylor et al, 1991) describing lower survival rates and limb salvage in chronic renal failure with diabetes undergoing amputation or bypass surgery, compared with those without diabetes.
Influence on renal failure: Chang et al. (1990) , in their study of bypass surgery for limb salvage, remarked that the presence of renal failure implies calcific arteriopathy, decreased resistance to infection, impaired wound healing, host-factor deficiencies, low albumin, uraemia and immuno-suppression, each of which influences adversely rehabilitation and survival. All these factors played their part in the poor survival of the patients in the authors' nondiabetic renal group. This group represents a significant sub-set of amputees who have a short "prosthetic" life and a high incidence of amputation of the contralateral limb. The accelerated peripheral vascular disease has a profound effect on these patients and their care must take into account their short life expectancy. The aim must be to rehabilitate and mobilise these patients as quickly as possible in order that they may return to life in the community for their few remaining years. Jain (1996) has expressed the opinion that an acute vascular incident and renal failure (as seen in 3 of the non-diabetic patients) probably leads to anatomically high levels of amputation whereas chronic vascular disease provides an opportunity to save the knee joint. The salvage of the knee joint is crucial to the long term well-being and continued mobility of the lower limb amputee.
In a similar large series of 498 patients with 627 ischaemic legs (Taylor et al., 1991) renal failure adversely affected limb salvage after revascularisation and led to increased amputation. Taylor et al. (1991) found that their renal group fared worst of all. It is therefore remarkable that there is no evidence of adverse renal factors affecting survival after amputation in the diabetic renal group in this study, whose survival was no worse than the larger non-renal diabetic group in this area. If renal diabetic patients fare badly after revascularisation, but no worse than non-renal diabetics after amputation, then the message becomes clear. Future papers need to examine this, as experience increases, Another report (Czyrny and Merrill, 1994) , comparing 19 renal failure amputees with 19 control amputees due to peripheral vascular disease, has shown that the renal patients had similar outcomes to those without renal disease, despite a significantly higher incidence of comorbid conditions in the renal group, a finding similar to the results in the renal diabetic group reported here.
Influence of diabetes: Diabetics are likely to continue forming a larger proportion of renal amputees. In 12 renal patients >60 years of age (Sioson et al, 1993) with lower limb amputation 9 were diabetic. Two (2) of the 3 non-diabetics and 3 of the 9 diabetics had died within 3 years (Sioson et al., 1993) , a pattern beginning to look like that found in the present series. Despite a similar survival pattern Sioson's study found that the presence of diabetes adversely affected rehabilitation, i.e. without adversely affecting survival. In contrast, 100% of the diabetic renal group in the present study were ambulant with a prosthesis and discharged home following admission to the Limb Fitting Centre. This compares favourably with 80% ambulant on discharge, relating to 330 diabetic patients fitted with an artificial limb after lower limb amputation in the period 1982 -1983 (Stewart and Jain, 1993 . Only 3 of the 10 diabetics and 4 of the non-diabetic patients were aged 60 or over at the time of the first amputation, so the renal patients were younger on average than the average age of 70 for patients admitted to the Dundee Limb Fitting Centre (Stewart and Jain, 1993) .
Conclusions
In summary, this report emphasises that patients in RRT form an increasing proportion of the patients requiring surgery for critical limb ischaemia and warrant being considered as a separate and distinct sub-set. It is also recommended that rehabilitation and survival data should be further sub-divided into those with diabetes and those without. This study strongly suggests that in patients on RRT undergoing amputation there is a direct relationship between subsequent mortality and morbidity and the cause of renal failure. There is a strong indication that diabetic patients on RRT fare significantly better than those with nondiabetic renal failure in terms of long-term survival and knee salvage.
